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Gyrotrons are high powered coherent electromagnetic radiation sources, and are considered to be available powerful sources that 
have the potential to bridge the so-called terahertz gap. In the University of Electronic Science and Technology of China, a second 
harmonic gyrotron has been designed, manufactured, and tested. The gyrotron generated radiation at a 0.423 THz frequency in 5 
s pulses with an 8.1 Tesla magnetic field, with a power per pulse of about 4.4 kW. To date this is the highest frequency recorded 
for vacuum electronic devices in China. The gyrotron design, operation and measurements are presented. 
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Terahertz (THz) waves, electromagnetic radiation between 
far infrared and millimeter wavelengths, have very im-
portant academic and application values. The characteristics 
of THz waves are used in a large and increasing number of 
applications. These applications include fundamental scien-
tific research (physics, chemistry, etc.), many interdiscipli-
nary fields (biophysics, etc.), radar, communication, material 
processing, and medical diagnostics and therapy. However, 
because there is a lack of reliable sources and detectors of 
terahertz radiation, most applications are still experimental. 
Consequently, current investigations on terahertz waves are 
concentrated on sources (electronics sources and optical 
sources), detectors, transmission, and applications [1,2]. 
In China, terahertz waves have become an active re-
search area over the last 10 years [3,4]. Important achieve-
ments have been made, such as the THz vacuum electronic 
devices developed in the University of Electronic Science 
and Technology of China [5,6], the THz quantum cascade 
lasers (QCL) developed in the Shanghai Institute of Mi-
crosystem and Information Technology [7,8], the THz su-
perconducting detector in the Nanjing University [9,10], the 
THz optical sources research carried out in Tianjin Univer-
sity [11] and Nankai University [12], the THz time-domain 
spectroscopy methodology and related application re-
searches carried out in the Capital Normal University 
[13,14], the THz-material interaction carried out in the 
Shanghai Jiao Tong University and Institute of Physics, 
Chinese Academy of Sciences [15], and so on [1618]. 
In this paper, we report on initial experiments on a se-
cond harmonic gyrotron developed at the University of 
Electronic Science and Technology of China (UESTC), 
which generated radiation at a frequency of 0.423 THz in 5 
s pulses, with a power per pulse of about 4.4 kW. To date 
this is the highest frequency recorded for vacuum electronic 
devices in China. 
Gyrotrons are fast-wave vacuum electronic devices, 
based on the interaction of electronics gyrating in external 
magnetic fields with fast waves. There is no need for the 
slow-wave circuits used extensively in traditional vacuum 
electronic devices. Gyrotrons can have physical dimensions 
much larger than the operating wavelength, so they have 
higher output power and higher efficiency than traditional 
vacuum electronics devices [19]. Therefore, they are con-
sidered to be available powerful sources that have the po-
tential to bridge the so-called terahertz gap. Only four insti-
tutes have developed gyrotron generated frequencies above 
0.3 THz at output powers over 1 kW: the University of 
Sydney in Australia [20], Fukui University in Japan [21], 
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the Institute of Applied Physics (IAP) of the Russian 
Academy of Sciences (RAS) in Russia [22], and the Mas-
sachusetts Institute of Technology in the United States [23]. 
One limiting factor in the development of high frequency 
gyrotrons is magnetic field technology. The gyrotron radia-
tion frequency f0 is related to the cyclotron frequency fc and 
the magnetic field B according to [24]: 
 0 2πc e
eBf sf s
m   , (1) 
where e is the charge of an electron, me is the mass of an 
electron,  is the relativistic mass factor, and s is the har-
monic number. According to eq. (1), when operating the 
gyrotron at fundamental frequency, to generate 0.3 THz 
radiation, an 11 Tesla magnet is required. Hence with in-
creasing operating frequency, the cost of the magnet will be 
too expensive. Operating at harmonics can reduce the nec-
essary magnetic field s times. However, mode competition 
is more severe for harmonic frequency interaction than for 
fundamental frequency interaction. Consequently, an ap-
propriate design is important for a harmonic gyrotron. 
Based on a previous 0.22 THz oscillator built at UESTC 
[5,6], a 0.42 THz second harmonic gyrotron has been de-
signed, constructed and tested using an 8 Tesla supercon-
ducting magnet. The schematic is shown in Figure 1. Its 
components include a conventional taped cylindrical cavity 
(2.2 mm radius and 10 mm length) and a triode-type mag-
netron injection gun. The axis of the gyrotron lies along the 
vertical bore of an 8 Tesla superconducting magnet. A TE26 
mode has been selected as the operation mode. There are 
two competing second harmonic modes, the TE06, and TE74, 
and one competing fundamental mode, the TE23. The inter-
action cavity was optimized for the TE26 mode using a cold 
cavity simulation code, and the corresponding resonance 
frequency is 0.423 THz. Figure 2 shows the starting currents 
for the respective modes as a function of beam voltage, when 
B0=8.1 Tesla. In Figure 2, the straight line is the current 
voltage characteristic of the electron gun. In an attempt to 
overcome mode competition, the operating point has been 
set at 40 kV. 
The measurement system is shown in Figure 3. The fre-
quency of the second harmonic output was measured by a 
14th harmonic mixer with a corresponding frequency range 
of 0.40.5 THz. The mixer was also used as an RF  
 
 
Figure 1  Cross-sectional schematic of the cylindrically symmetric se-
cond harmonic gyrotron. 
 
Figure 2  Starting currents, as a function of beam voltage, for a uniform 
2.2 mm radius, 10 mm long cylinder waveguide, when B0=8.1 Tesla. 
 
Figure 3  Block diagram of the measurement section of the experimental 
setup. 
detector to measure the pulse width of the second harmonic 
output. The fosc was generated by an Agilent 8257D PSG 
Analog Signal Generator, and the fif was detected by a Tek-
tronix TDS 6604 Oscilloscope. 
The initial experiments were performed using voltage 
pulses with durations of approximately 5 s for the main 
magnetic field of 8.1 Tesla. For the experiment, Figure 4 
shows an example of typical oscilloscope traces of the elec-
tron beam voltage, collector current and intermediate fre-
quency (IF) signal from the mixer. The beam voltage and 
collector current were measured through a resistor voltage 
divider and Rogowsky coils, respectively. The noise and dis-
tortions on the pulse shape are due to power supply ripple. 
Within the positive and negative edges of the pulse, no 
second harmonic IF signal was detected. Within the middle 
section of the pulse, the second harmonic IF signal was de-
tected. Within the first 2 s, the power supply ripple and 
noise and distortions of the beam current relative to the 
pulse shape were larger than within the last 3 s, where the 
IF signals were smaller and less stable. By varying the fosc 
frequency, the output frequency was confirmed to be 0.423 
THz, which agrees with the design. The experimental re-
sults also show the second harmonic operation is strongly 
dependent on the beam voltage. 
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Figure 4  Oscilloscope beam voltage (a), collector current (b) and IF 
signal (c) of the second harmonic operation for the main magnetic field of 
8.1 Tesla. 
The power is measured by a modified calorimeter which  
is described in [5]. Because there was no calibrated 0.42 
THz source available, the sensitivity of the calorimeter at 
0.22 THz was used to scale the output power. For a single 
pulse, the scaled output power was about 4.4 kW for the 
initial experiment. 
In the University of Electronic Science and Technology 
of China, a second harmonic gyrotron was designed, manu-
factured, and tested. Using an 8.1 Tesla magnetic field, the 
gyrotron generated radiation at a 0.423 THz frequency in 5 
s pulses, with a power per pulse of about 4.4 kW. To date 
this is the highest frequency recorded for vacuum electronic 
devices in China. Furthermore, higher frequency gyrotrons 
are in the planning stage. 
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